Sweet potato (Ipomoea batatas) root parenchyma and tobacco (Nicotiana tabacum) stem pith, both known to increase peroxidase activity after excision, differed from each other in their isoperoxidase patterns and in the isoperoxidase responses to injury and exogenous ethylene.
Increased peroxidase activity in tobacco pith explants, due mainly to the appearance of two new cathodic isoperoxidases, and a repression of these isoenzymes by IAA has been renorted by Galston et al. (10) . Previous work (6) has shown that cut injury is responsible for the alteration of the pattern and for the increase in activity of isoperoxidases in the pith following excision. Injury-induced increases in peroxidase activity are known to occur in various organs of many plants, particularly in sweet potato roots (12, 14, 16) . These increases are attributed to the action of injury-induced ethylene, especially since exogenous ethylene has been shown to promote peroxidase activity in injured tissue (13, 21) . The well known interaction between auxins and ethylene in many physiological processes (1, 7) prompted us to undertake comparative studies on tobacco pith and sweet potato root parenchyma. Some of the results are reported here.
MATERIALS AND METHODS
Greenhouse-grown, flowering Nicotiana tabacum plants with 33 to 40 internodes and apparently healthy Ipomoea batatas roots, purchased locally, were used. The tobacco pith and sweet potato root parenchyma were aseptically removed with a cork borer. In each experiment, pith cylinders were isolated from internodes of similar lower or upper position on the stem from 2 to 4 plants of the same age, and a single potato root was used for all treatments. In most experiments, 3 mm thick sections of tobacco pith or root parenchyma were thoroughly washed with water immediately after excision and then blotted. They were incubated in H,O or 0.2 mm IAA (pH 6.4), actinomycin D (4 or 10 1ug/ml), or cycloheximide (5 or 10 ,ug/ml) solutions for 75 to 90 min at 0, 6 to 8, 12, or 18 hr after excision. Tissue samples of 0.7 to 1.2 g fresh weight and 2 to 4 ml of solution per replication were used. In some experiments, 10 /M or 1 mM IAA solutions, with or without NaOH or phosphate buffer added, were applied. Before or after exposure to the appropriate treatments, the blotted sections were kept aseptically on a nylon mesh screen in chambers lined with moistened filter paper for 6 to 24 hr in darkness.
In those experiments in which N2 (100%), ethylene (100-1000 gl/l), and/or CO2 (3 or 10%) were applied, air-tight 750-ml Plexiglas boxes were used, each equipped with inflow and outflow valves and a rubber injection stopper. Ethylene was obtained from Matheson Gas Products. CO2 was liberated from Na2CO3 by injecting an excess of lactic acid (reduction of the air pressure in the box before CO2 liberation did not alter the tissue response). Dishes containing 3 to 4 ml of 0.25 M mercury perchlorate solutions or 0.5 N NaOH or both were placed in boxes in which endogenous ethylene and/or the present and evolved CO2, respectively, had to be eliminated from the air. After sampling, the sections were frozen and stored in a deep freeze.
The sections were ground using phosphate buffer, pH 6.0, and the tissue homogenates were then centrifuged at 20,000g for 30 min at 2 C. The total peroxidase activity of the tissue and solutions in which the sections were immersed was determined at 470 nm using 15 mm guaiacol and 5 mm H202 as substrates. In most cases, starch gel electrophoresis at pH 8.3 (borate buffer) in a gradient of 10 mv/cm was used for isoperoxidase examination of the tissue and solutions. In experiments with sweet potato roots, polyacrylamide disc electrophoresis in 5.5% gels was also used.
The samples were examined using several dilutions. Buffers at pH 7.5 to 9.5 were used to avoid significant losses of sweet potato isoperoxidases with isoelectric points close to pH 8.3. The gels were scanned in a Beckman-Gilford Model 2000 spectrophotometer, and tracings of the absorbance at 470 nm were automatically recorded. The relative activity of individual isoenzymes was estimated from the areas under each peak on the recorder paper. The relative differences between treatments in the total isoperoxidase activity found after scanning were similar to the differences in the total peroxidase activity before electrophoresis. However, in potato root samples showing very high activities of Al, the relative values of the total isoperoxidase increases were always 10 to 15% below those of the total peroxidase increases found before electrophoresis. Each experiment, with or without modifications, was repeated two to four times. In some experiments, intact sweet potato roots were also used.
RESULTS
The total peroxidase activity in the pith of the uipper and lower internodes immediately after excision varied in the experiments between 56 and 176 and between 232 and 480 AA/ min g fresh weight, respectively. The activities in the potato root parenchyma at time zero varied between 8 and 100 \A/ min g fresh weight, the lower values being characteristic of roots purchased not long after harvest.
In spite of the variations in the total peroxidase activity, each species showed the same isoperoxidase spectrum in all experiments. At time zero, five fast moving anodic isoperoxidases (A4-A8), constituting 86 to 100% of the total activity were found in the pith of upper and lower tobacco internodes, eight anodic (A1-A8), and one cathodic (Cl) bands were detected in the sweet potato roots (Fig. 1) . The potato A4 band was rather broad, perhaps representing more than one isoenzyme. In the tobacco pith sections exposed continuously to TOBACCO air or incubated briefly in water, the C1-C4 and Al-A3 isoperoxidases, which were detectable sometimes at time zero, appeared 6 to 8 hr after excision. In the potato root parenchyma, only two additional bands (C2 and C3) were found 6 to 12 hr after excision.
The electrophoretic mobilities and the relative activities of the isoperoxidases found in the tobacco pith were similar to those observed in previous experiments (6) . The mobilities of the isoperoxidases found in potato roots were quite different from those found in tobacco pith, with the possible exception of C2. Two of the nine isoperoxidases found in the roots at time zero, namely A3 and A6, contributed between 32 and 45% and between 15 and 22%, respectively, to the total activity. The remaining isoperoxidases contributed 3 to 9% each.
Incubation of the tissue sections in H20 or buffer immediately after excision or later led to a release of isoperoxidases into the medium. However, the increases in the tissue peroxidase activity after incubation were similar to those found in corresponding sections not incubated.
Effect of IAA, Actinomycin D, and Cycloheximide on Isoperoxidase Activity in Tobacco Pith. The increase of peroxidase activity in the 3-mm sections kept in air for 24 hr was due only to the increase in activities of C1-C4 and A1-A3 ( 'new" isoperoxidases). A4-A8 ("old" isoperoxidases) did not change significantly; the decrease of their activity after incubation in water was due to leakage. The developmental pattern of particular isoenzymes was similar to that previously observed (6).
Incubation in 10 !LM IAA at pH 5.4 or in 50 ;tM IAA at pH 6.4 had no significant effect either on the old or new isoenzymes. IAA at 1 mm, pH 3.8 or 6.4. apparently had a toxic effect, especially when applied immediately after excision. In this case, the development of C1-C4 and Al-A3 was inhibited by 84 and 60%, respectively, at pH 3.8, and by 60 and 44%, respectively, at pH 6.4; the decrease in the activity of the old A4-A8 isoenzymes was about 62 to 40%. However, no concentration of IAA could be found which would affect the new isoenzymes without decreasing the activity of the old ones. At 0.2 mm, pH 6.4, IAA applied immediately after excision greatly inhibited the development of C1-C4, decreased the activity of A4-A8, and had a relatively weak inhibitory effect on the Al-A3 development (Fig. 2) . These effects were less pronounced or insignificant if IAA was applied 6 hr after excision or later, respectively. The inhibiting action of IAA on A4-A8 occurred mainly during the first hours after incubation, while the slow down of the CI-C4 development was persistent.
Actinomycin D had no significant effect on any of the isoperoxidases when applied 6, 12, or 18 hr after excision and strongly repressed the development of Cl-C4, as well as Al-A3, without affecting A4-A8 when applied immediately after excision. The repressive effect of actinomycin D on new isoenzymes was much greater than that of IAA, not only in the upper internodes, as presented in Figure 2 , but also in lower ones. Its effect was the same regardless of the presence or absence of Cl-C4 and Al-A3 in traces at time zero.
Cycloheximide inhibited the development of all isoperoxidases regardless of the time of its application, but had little affect on the level of old isoenzymes.
The isoperoxidase levels found in H20, buffer, actinomycin D, or cycloheximide solutions were similar and showed no marked differences in dependence on exposure time. The activities found in the solutions after 90-min exposure at 20 C corresponded to 18 to 23% of those found in the tissue at time zero. After exposure at 1 C, the isoperoxidase release was about 50% lower. IAA (except at the toxic concentration) had no effect on the isoperoxidase level in the medium when applied immediately after excision. However, it decreased the isoen- Sweet Potato Root Parenchyma. The significant increase in peroxidase activity after 24 hr of exposure to air was clearly due to injury (Table I) , confirming other reports. C2 and C3
were found only in the 3-mm sections and the outer 2 mm thick tissue of the 16 X 16 mm parenchyma cylinders excised from the roots. The injury also induced a significant increase in six of the nine isoperoxidases found at time zero, especially A5. The activities of A3 and A6, both dominant, as well as A4, did not increase at all. IAA applied at 0.2 or 0.5 mM, pH 6.4, inhibited only the cathodic C2. A weak, but persistent inhibition was apparent only in sections incubated immediately after excision, a transient inhibition was found in sections incubated 6 hr later, and no effect was observed in tissue exposed to IAA 12 hr after excision (Table II) . In one of three experiments, no effect of IAA on C2 was observed. The release of isoperoxidases into the medium was not affected by IAA regardless of its application time.
Actinomycin D at 4 or 10 [kg/ml did not repress significantly any isoperoxidase, even when applied at time zero. Cycloheximide completely inhibited the development of all isoenzymes, with the exception of Cl-Al, whether applied immediately after excision or later. The Cl-Al activity in the cycloheximidetreated tissues was only about 10 to 22% lower than that in the control.
Effect of Ethylene and CO, on Isoperoxidase Activity of Tobacco Pith. Ethylene applied at 100, 500, or 1000 ,ul/l immediately after excision did not enhance, but rather, inhibited slightly the development of isoperoxidases. (The results will be reported in more detail elsewhere.) CO2 at 3 or 10%, alone or in combination with ethylene, did not affect the tissue response after excision. No increase of isoperoxidase activity was observed when the pith sections were placed in N2 atmosphere for 24 hr.
Sweet Potato Root Parenchyma. Ethylene at 100 or 500
Jd/l greatly promoted the peroxidase activity in the 3-mm sections. The increase after 24 hr of exposure was 4 to 5-fold greater than that in sections exposed to air in the presence of mercury perchlorate (Table I) . CO2 did not alter the isoperoxidase response to ethylene applied at 100 ,l/! (Table  III) . CO2-induced inhibition was not observed when ethylene was applied at 20 ,ul/l. The effects of exogenous ethylene on individual isoenzymes were quite different. Ethylene did not enhance, but rather inhibited the development of the injury-induced C2 and C3. (An inhibition of 15 to 25% was observed in all experiments.) Ethylene also did not promote the injury-enhanced A5 or the A3 isoperoxidase. The remaining seven isoenzymes, including the A4 and A6 not affected by injury, responded to ethylene with an increase in activity. However, Cl-Al, and especially A7, showed the greatest response, their contribution to ethylene-dependent increase being above 90%, jointly. These three isoenzymes strongly responded to ethylene, not only in the tissue adjacent to the cut surface, but also in the inner 8 X 8 mm portion of 16 x 16 mm parenchyma cylinders. Moreover, even in intact roots, these three isoperoxidases, plus A6, responded strongly to ethylene (Table  IV) . The very high activity of isoperoxidases, especially of A3, A6, and A7 in the root epidermis and cortex and their weak response to ethylene is also worth noting (the fastest moving C4 was detected only in the outer root tissue layer).
The ethylene-dependent increase of activity in the root sections was detectable after the first 6 hr. However, the greatest increase occurred between the 12th and 24th hr after excision (Fig. 3) , whether ethylene was applied immediately or 12 hr after excision. Removal of ethylene after 6 or 12 hr stopped the ethylene-dependent peroxidase increase.
DISCUSSION
In this work, the tobacco pith and sweet potato root parenchyma had mainly one feature in common-the injuryinduced increase in peroxidase activity. In the former, this increase was entirely due to isoenzymes not detectable or de-tectable only in trace amounts at time zero; in the latter, it was due to an induction of new isoenzymes as well as to a promotion of some constitutive ones.
The tissue response to cycloheximide indicates that the increase in injury-induced or injury-enhanced isoenzymes is essentially due to de novo synthesis. However, the weak inhibition of the Cl-Al bands by the inhibitor in the potato roots implies that isoenzyme activation may also play some role in tissue response to injury. The (10) . Any speculation as to the possible mode of IAA action would not find sufficient support in this work. Neither in this work nor in the previous study, when IAA was aplied for 24 hr, were any IAA-induced specific exoisoperoxidases found in the incubation solutions, as reported for cultured tobacco cells (19 Including the epidermis. 2 The relatively fastest moving cathodic isoenzyme detected only in the first layer.
3 A2 and A3 amounted to about 215 and 790%, respectively; A3 was dominant also in the 1 to 3 mm layer. 4 The total peroxidase activity was 52 AA/min-g fresh weight.
The absence of peroxidase enhancement by ethylene in the tobacco pith, similar to the absence reported for Solanum tuberosum tubers, Daucus carota roots, and other species (21), may be due to the absence of peroxidase isoenzymes responsive to ethylene rather than to a difference in the mode of ethylene action.
The enhancement of peroxidase activity was not of an inductive character but required the continuous presence of ethylene. A similar requirement was observed in ethylene-dependent isocoumarin formation in carrot roots (9) and some other ethylene-affected processes (2, 5, 17) . This requirement is perhaps related to the mode of ethylene action in which hydrophobic interactions may play an essential role (4) . CO2, which is regarded as a competitive inhibitor of the ethylene biological action (8, 12), failed to inhibit even Effect of ethylene on total peroxidase activity in sweet potato root parenchyma sections. Sections, 10 mm in diameter and 3 mm thick, were exposed to air at 28 C in the presence or absence of mercuric perchlorate. Ethylene at 100 /Ll5l was applied at zero time for 6, 12, or 24 hr at 6 hr after excision for 6 or 18 hr, or at 12 hr after excision for the remaining 12 hr.
partially ethylene-enhanced peroxidase activity. Imasaki (12) found only a 10 to 20% inhibition of peroxidase development at 0 to 10 pd of ethylene/ 1 air only after 40 to 50 hr exposure to CO.. As reported, CO2 has failed to reverse also other ethylene-enhanced processes (3, 6, 15) .
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